A total of 245 strains of Listeria monocytogenes were investigated. These strains were isolated from human and animal cases of listeriosis as well as from different kinds of raw and processed foods. Thirty-three electrophoretic types (ETs) were identified among the 245 strains. The strains investigated included all human clinical strains isolated in Denmark during 1989 and 1990. Seventy-three percent of the strains isolated in this period were assigned to one of only two ETs (ET 1 and ET 4). ET 1, which was found to be the most frequently occurring ET among strains isolated from human clinical cases, was also found to occur rather frequently in animal clinical cases. ET 1 was, however, found only sporadically among strains isolated from foods and food factories. The data indicate that there might be something distinctive about the physiology or ecology of the ET
From 1958 to 1974, the incidence of human listeriosis in Denmark was 2.3 cases per million population per year (3) . The incidence was similar in the early 1980s. In 1986, however, the incidence rose to 8.4 cases per million population, apparently because of an outbreak in the period from November 1985 to March 1987 (11) . In this period, 35 patients were infected by one single phage type (2389:2425: 1444:2671:47:108:340) (4). In the same period, 22 cases caused by other phage types and five cases not phage typed occurred. Since this outbreak, Listeria infections have continued to occur in higher numbers, around 6 to 7 cases per million population per year, than in the beginning of the 1980s (4) . The source of the outbreak as well as the sources of the sporadic cases has not been identified. The epidemic type mentioned above was not seen in 1988 but reappeared in 1989 and 1990, causing around one-third of all cases (4) . From 1991 to September 1992, no human cases of listeriosis caused by the epidemic type were identified nor was the epidemic type isolated from any other sources.
In a 2-year period (April 1988 to March 1990), food items left over in the refrigerators of listeriosis patients were examined by municipal food control divisions. Two hundred fifty food items obtained from the refrigerators of 37 patients were examined, and Listeria monocytogenes was found in 15 items. In only one instance was identity established between strains isolated from a patient and from food (smoked cod roe) (4) .
A case-control study dealing with the food habits of listeriosis patients and controls was also initiated. To date, this study has not pointed to an obvious source of origin for the epidemic type (4) .
An analysis of a large collection of Danish L. monocytogenes strains of different origin using multilocus enzyme electrophoresis was undertaken. The purpose of the present study was to establish a link between human cases and contaminated foods by examining the prevalence of different * Corresponding author. electrophoretic types (ETs) of L. monocytogenes in the food chain.
MATERIALS AND METHODS
Strain collection. A collection of 245 strains was examined. The strain collection contained the following groups of isolates.
(i) Human clinical strains (n = 95). 14) . The dairy strain group consisted of strains from environmental samples (n = 9) and raw milk samples (n = 2) from four different Danish dairies. Strains from French dairy products of unknown origin (n = 3) were also included.
(v) Strains from cheese (n = 33). The strains derived from cheese included isolates from a variety of Danish cheeses, such as white molded, blue-veined, soft, feta, and hard cheeses, produced at an unknown number of different dairies from 1988 to 1992 (n = 26), as well as strains from imported French cheeses of unknown origin (n = 7).
(vi) Strains from cattle with mastitis (n = 11). All strains in the mastitis group were derived from cases of bovine mastitis in Denmark. The strains were isolated from an unknown number of different farms.
(vii) Strains from raw meat (n = 33). The raw meat group consisted of strains from raw minced meat derived from different butcher shops (n = 9) and strains from feces and tonsils of healthy animals (n = 6), animal feed (n = 1), raw chicken (n = 2), and the environment (i.e., sewage, larding boards, equipment, and meat offal from a single slaughterhouse; (n = 15).
(viii) Strains from meat products (n = 28). All strains in the meat product group were characterized by being derived from cooked meat products. Seventeen strains were derived from different kinds of cooked sausages isolated at four different plants in Denmark during 1991 (n = 17), 1 strain was isolated from a sausage in Switzerland, and 10 strains were derived from Danish cooked meat products other than sausages. All strains derived from meat products in Denmark, with the exception of a few, were isolated by the Food Control Laboratory, Danish Veterinary Service, Copenhagen, Denmark.
Method of isolation. A two-step enrichment procedure described by Skovgaard and Morgen (14) , followed by streaking on Oxford agar, was used for isolation.
Identification of isolates. Strains which were gram positive, catalase positive, oxidase negative, and motile in semisolid agar at 25°C, which produced acid from L-rhamnose (1%) and ot-methyl-D-mannoside (0.5%) but not from D-xylose (1%), and which showed hemolysis on blood agar were identified as L. monocytogenes.
Serotyping. For serological identification, Bacto Listena-0-antisera against serogroup 1 (Difco catalog no. 2300-50) and serotype 4 (Difco catalog no. 2301-50) were used. The term serogroup refers, for the purpose of this article, to the somatic antigens, while the term serotype is used when both the somatic and flagellar antigens have been characterized.
Multilocus enzyme electrophoresis. Multilocus enzyme electrophoresis was performed by studying the mobility of the following 12 enzymes: adenylate kinase, nucleoside phosphorylase (NSP), 6-phosphogluconate dehydrogenase (6PG), alanine dehydrogenase, mannose phosphate isomerase, glucose 6-phosphate dehydrogenase (G6P), NADPdependent glutamate dehydrogenase, phosphoglucose isomerase (PGI), alpha-naphthyl acetate esterase, alphanaphthyl acid phosphate, L-phenylalanyl-L-leucine peptidase, and catalase. Preparation of enzyme extracts were performed as described by N0rrung (8) . The enzyme extracts were electrophoresed in 11.4% starch gels at a voltage of 130 V/cm. Tris-citrate (pH 8) was used as a buffer in the gels. The gels were stained as described by Selander et al. (13) . Specific staining procedures for catalase were performed by the method of Harris and Hopkinson (5) .
Analysis of data. For each enzyme, the relative mobility was established by scoring the relative migration distance from the cathode, i.e., the enzymes nearest to the anode were given the lowest score. Each different combination of electromorphs was assigned to an ET. Statistical analyses of the data were performed by using a computer program designed by Selander et al. (13) , kindly provided by J. C. Piffaretti. To express the genetic relationships among strains, a dendrogram was produced from cluster analysis by using the average distance method and matrices of weighted proportion. Genetic diversity (h) for an enzyme locus was calculated by using the following formula:
wherexi is the frequency of the ith allele and n is the number of ETs. Genetic distance between ETs was expressed as the proportion of loci at which dissimilar alleles occur (13) . The ET diversity was calculated from the same formula as genetic diversity, with xi being the frequency of the ith ET and n being the number of isolates.
RESULTS
Genetic diversity. Ten of the 12 enzymes assayed were polymorphic, with between two and four alleles per locus. The genetic diversity at each locus is indicated in Table 1 .
ETs. Thirty-three ETs were identified among 245 isolates of L. monocytogenes. The dendrogram position number (DPN), the ET designation, and the enzyme profile of each ET are indicated in Table 2 .
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ETs and serogroups. One hundred four strains belonged to serogroup 4, and 141 strains belonged to serogroup 1. The distribution of these serogroups within the different ETs is shown in Table 3 . Among those strains belonging to serogroup 4, 8 different ETs were identified, while 26 ETs were identified among strains belonging to serogroup 1 (Table 3) . ET 4 was the only ET found to contain strains from more than one somatic serogroup. The remaining 32 ETs consisted of strains of only a single serogroup. Of the 79 strains belonging to ET 4, 45 strains belonged to serogroup 4 while 34 strains belonged to serogroup 1. Apart from two single strains of serogroup 4, all strains in cluster II (n = 101) were found to belong to serogroup 1. Of the 144 strains in cluster I, 104 strains were serogroup 4 and 40 were serogroup 1.
Sources of strains. The sources of strains and the distribution of ETs are shown in Table 3 . The percentage distribution of the five ETs most frequently occurring among isolates from different sources is shown in Table 4 . The total number of strains and ETs within each population (sources of strains) as well as the ET diversity is shown in Table 5 .
Human strains. Sixteen ETs were identified within the group of 95 human strains. Sixteen ETs were also identified among 69 strains representing all human clinical strains recovered in Denmark during 1989 (32 cases) and 1990 (37 cases). The majority (73%) of these isolates, however, were assigned to one of only two ETs (ET 1 and ET 4). The isolates responsible for the milk-borne outbreak in Massachusetts in 1983 and the epidemic in Switzerland also belonged to these two ETs (the isolate from Massachusetts being ET 4 and that from Switzerland being ET 1). The other 14 ETs included between one and six strains within each ET. The ET diversity within the group of 95 human strains was found to be 0.726.
Animal strains. Six ETs were identified among the 11 animal clinical strains, and the ET diversity was found to be 0.855. Two of the 6 ETs identified (ET 1 and ET 5) were identical with the ETs found among strains derived from humans.
Fish strains. The ET diversity within the group of strains from fish was found to be 0.879. Eight ETs were identified among the 20 strains. Five of these ETs were identical with the ETs identified among isolates derived from humans. Thirty-five percent (seven strains) of the strains from fish belonged to either ET 1 or ET 4.
DaiIry strains. Five ETs were identified among 14 dairy strains. Six (43%) of the isolates, however, were assigned to ET 4, which was also found to be a frequently occurring ET among human strains. The ET diversity was found to be 0.758.
Strains from cheese. Seven ETs were identified among 33 strains derived from cheese but, as for the strains derived from dairies, most of these strains (55%) were assigned to ET 4. ET 2 was also found to be rather frequently occurring among isolates from cheese (21%). In contrast, only one of the strains derived from cheese was found to belong to ET 1, the ET most frequently identified among human isolates. The ET diversity within strains from cheese was found to be 0.663.
Strains from cattle with mastitis. Within the group of strains from cattle with mastitis, a high ET diversity at 0.927 was found, with 8 ETs among 11 strains being identified.
Strains from raw meat. As with strains from cattle with mastitis, a high ET diversity was observed within the group of strains from raw meat. Thirteen ETs were found among 33 strains, and the ET diversity was found to be 0.903. The most frequently occurring ET was ET 9, which included eight strains or 24% of the raw meat isolates. In contrast, 6% of the strains derived from humans belonged to ET 9. Six of the 13 ETs identified among isolates from raw meat were identical to the ETs found among isolates from humans.
Strains from cooked meat products. The ET diversity within this group (7), the results of this study are in accordance with the findings of other workers (1, 9) .
Distribution of ETs in relation to sources of origin. Despite the significant number of ETs (i.e., 33) encountered among Danish isolates of L. monocytogenes, only a few clones (ET 1 and ET 4) seem to be responsible for the majority (73%) of all human cases of listeriosis in Denmark during the 2-year period 1989 to 1990. These two ETs were implicated, moreover, in the epidemics in Switzerland and Massachusetts mentioned earlier (9, 12) .
An analysis of the data shows that 69% of the food isolates were in ETs that were identical to those of the human isolates, and this gives strong support for the supposition that contaminated foods are the source of human infections.
Distribution of ET 1. The fact that only a few clones seem to be the predominant cause of human listeriosis might indicate that these clones are generally predominant in healthy animals, the environment, and foods. This study, however, indicates that this does not seem to be the case for the clone designated ET 1. Forty-three percent of all human clinical isolates (n = 95) and 36% of all animal clinical strains (n = 11) were found to belong to ET 1. In contrast, only 5% of the strains derived from sources other than clinical cases (n = 139) were found to belong to this ET. Since all strains APPL. ENVIRON. MICROBIOL. mastitis  meat  products   1  1  52  0  52  41  4  3  0  1  1  2  0  2  3  2  2  0  0  0  1  0  0  0  1  0  3  24  2  0  2 Total  245  141  104  95  11  20  14  33  11  33  28 within ET (2) investigated 181 strains of L. monocytogenes isolated from human, animal, food, and environmental sources by multilocus enzyme electrophoresis and found one clone, which they designated ET 1, to be predominant among strains isolated from humans and animals. This clone is identical to the clone ET 1 in this study, since one strain was included in both studies. Boerlin and Piffaretti (2) found the clone designated ET 1 to be frequently isolated from humans and animals but only occasionally isolated from food, thereby bringing their results in accordance with the results of this study.
Distribution of ET 4. In the present study, ET 4 was found to be the most frequently occurring, after ET 1, among human clinical isolates, with 29% of all human isolates belonging to this ET. In contrast to ET 1, ET 4 was found to be the most frequently occurring ET within food isolates. Almost 55% of the isolates derived from cheese, 75% of the isolates derived from cooked meat products, and 30% of the isolates derived from fish were found to belong to ET 4.
ET 4 was found to contain strains from both serogroup 1 and serogroup 4, and, therefore, when both ET and serogroup are considered, 7% of all human clinical isolates were found to belong to ET 4, serogroup 1, while 22% belonged to ET 4, serogroup 4 . In a comparison of isolates from foods, 64% of the isolates derived from cooked meat products were found to belong to ET 4, serogroup 4, while only 9% of the isolates from cheese and no fish isolates were found to belong to ET 4, serogroup 4. In contrast, ET 4, serogroup 1, was found to predominate among isolates from cheese and fish. Forty-five percent of the isolates from cheese and 30% of the isolates from fish could be assigned to this ET and serogroup, namely, ET 4, serogroup 1. Only 10% of isolates from cooked meat products belonged to this ET-serogroup combination.
These findings suggest that for human cases of listeriosis (during the period of investigation) caused by ET 4, serogroup 4, the source of infection was most likely to be cooked meat products, while for human cases caused by ET 4, serogroup 1, the source of infection was more likely to be cheese or fish.
ET diversity within isolates from different sources of origin. The overall ET diversity, which indicates the probability that two unrelated isolates will show different electrophoretic profiles, was found to be 0.834. The lowest ET diversity was found among strains derived from cooked meat products and cheeses, with ET diversities of 0.439 and 0.663, respectively. This result supports the theory that certain clones might be particularly well adapted for survival and growth in certain processed food items or their production lines, thus making these clones more likely to be responsible for human cases of listeriosis. To investigate this theory, it is suggested that future studies on thermal resistance, susceptibility to disinfectants, and the growth characteristics of L. monocytogenes should include representatives of different clones of the organism.
